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L Experiments upon Metals , wWe with the Burning- 
Clafs of the Bake of Orleans. By Monfieur 
Geoffrey, F. %{. S. 

r T'' v H E Duke of Orleans , out of the defire he has to 
j| promote ufeful Arts and Sciences, having permit¬ 
ted fuch of the Royal Academy of Sciences as have had 
mod Experience in fubjeds of this Nature, to make ufe of 
his Burning-glafs 3 l took this Opportunity to examine 
the different Changes that Metals differ when placed in 
the Focus of this Glafs, whofe Heat and Efficacy far 
furpafies the force of our common Fires. 

The Burning glafs is three Foot in Diameter 3 it col¬ 
lects the Rays of the Sun at ten Foot diftance, where 
it forms a Focus of about three Inches over, which is 
again contracted by means of an other Glafs-Lens to 
an Inch Diameter, and confequently is render’d three 
times as ilrong. 

I fhall only relate here what 1 have cbferv’d upon 
the four Impeded Metals, viz. Iron, Copper, Tin, and 
Lead : And fnail fay nothing at prefent of Gold or Silver 3 
becaufe as their Analyfis feems to me much more difficult 
than that of the other Metals3 1 fhall forbear Inquiries 
upon them, ’till I have examined as far as poilible into 
the Nature and Compofuion of the former. 

What was a great hindrance to me in making thefe 
Experiments in the focus of the Glafs, was the diffi¬ 
culty I had to find any Matter capable of holding the 
Metals in fufion. 
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Charcoal,, which is commonly maie ufc of, is indeed 
a very proper fubftance , but it is irnpoiiible with it to 
vitrify any one of the Metals..: The Particles of the Me¬ 
ta!, when held any long time in lufion in the Focus'of 
the Gla fs, di flip ate and fly away in Fume or final! Parti¬ 
cles and as long as any part remains, that little that does 
remain, is always Metalhek, until the whole be quite 
evaporated. 

The reafon of which I take to be this. Charcoal is a 
fubftance deeply impregnated with Oily or Sulphurous 
Parts (if I may fo call them.) The firft Effect that Fite 
has upon Metals is to feparate the fulphnrous Parts: now, 
if in proportion as the Sulphur is pirated from the 
Metal, the Body that fupports the Metal tut nifties it anew 
with other fulphnrous Parts, the other Principles will ne¬ 
ver feparate, and the Metal will always remain Metal. 
And nothing but the greateft degree of Fire is able to 
raife and feparate the Sulphur, and that but by little and 
little, and in very (mall Particles. 

I had then reeourfe to an other Matter, that could 
not any ways be fufpecieb of containing any Oily Parts. 
Mr. Tfchtrxfjaas. to whom we are obliged for Making of 
thefe large Glades, and the firftExperiments that have been 
made with them, lays, he has vitrified Metals by holding 
them in China ware. It is true, this fucceeds pretty well, 
provided the Pieces.be very thick, and the Glazing taken 
off: But the difficulty I had to find a fitfficient quantity 
of thick and proper China ware to make all thefe Ex¬ 
periments, forced me to have reeourfe to more common 
fubje&s, as well as fach, if poflible, as were lets cap% 
ble of melting. 

Of all the a i iff rent forts of Matter that I made Tryal 
of, what feem belt were the Common Coppels and Plates 
of gray Fire-ftone. The Coppels hold the Metal a long 
time in fufion in the Focus of the Glafs without melting-, 
excepting Lead, which eafily runs, thro 1 them .as foonas 
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it vitrifies, and helps to diffolve them. The Plates of 
Fire-ftone bear the Heat of the Focus much longer than 
any other Matter 3 but great care is to be taken in heat¬ 
ing them without breaking, ’till they become red-hot, 
and when they are hot the lead cold Air makes them melt. 
Neverthelefs this is the only fubftance that I have ufed 
with moft fuccefs, to hold Metals a long time in fufion, 
tho’ with the greateft caution that was pofiible, to avoid 
the Inconveniences aforemention’d. 

An other thing that has hinder’d me from carrying on 
thefe Inquiries upon Metals fo far as I could have wilh- 
ed, has been the few clear Days we have had for thefe 
two Years part 3 for the greateft part of thele Experi¬ 
ments require a bright, ftrong, and conftant Sun to keep 
the Matter a long time in perfect fufion: And I have 
fcarce had, for this !aft Year, above three or four fuch days 
as I could wifh for 3 the Sky having been almoft every 
day cover’d with Clouds about Noon, waich is the only 
time of the day fit for thefe Experiments. 

1 come row to the Particulars of what Experiments I 
have made; and (hall begin with thofe on Iron. 

Of Iron. 

I placed in the Focus of the Burning-gkfs a piece of 
forged Iron of about a Drahm weight: It turn’d red-hot, 
and its furface was cover’d with a black Matter like Pitch 
or Tar. If one withdraws the Iron out of the Focus in 
this ftate, this Matter fixes itfelf on the furface of the Me¬ 
tal, and there forms a ftnail Skin or very fine blackifh 
Scale, which is commonly very eafily feparated byftriking 
upon it 3 and that part of the Iron that was cover’d with 
this Scale appears blacker than ordinary. This Scale is 
fome of the fulphurons part of the Iron that rifes to 
and Surface of the Metal when it is ready to melt, 
the there remains for fome time before it exhales. 
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(t is plainly tins fulphurous pare that rifes upon Iron 
and polifh’d Steel when heated, and gives them all thofe 
different Colours, from a Yellow, to a Violet, Water- 
Colour, or Black. 

If one coatinues to hold this Piece of Iron on the 
Charcoal, it intirely melts; and at the fame time cafts 
forth very bright Sparkes in a great quantity, fometimes 
to above a foot dithnee from the Coal. 

If one faves what fiies off during this fparkling, by 
holding a Sheet of Paper under the Coal; we find 
that they are fo many very fmall Globules of Iron, 
and tbegreateft part of them hollow. 

All the Iron that is held in fufion upon the Coal,, 
flies away in fparkles after this manner. Mil none re¬ 
mains. Sometimes the Metal leaves oft fparkling, when 
the Coal is in part confumed, and cover’d with a Bed 
of Cinders, upon which lies the melsed Iron. For as 
the fparkling of the Iron feems to me to proceed from 
nothing but the oily parts of the Coal a&ing upon 
thofe of the Metal, the Cinders hinder this Oil from 
palling from the Coal to the Iron, fo that it remains 
quietly in fufion. But if thro’ any (hake, or the like 
accident, the Cinders are fo removed that the Iron 
comes to touch immediately the Coal, it will begin to 
fparkle afre(h. Sometimes the Heat that keeps in fufion 
the Metal, vitrifies alfo the Cinders; and this vitrified 
Matter mixing with the Metal makes a confiderable 
Ebullition. If one at this inftant withdraws the Metal 
out of the Focus, it appears half vitrified, or reduced 
to a blackifti friable Mafs. Gchertimes this vitrified 
Matter fwims on the fuiface of the Metal, and there 
forms it felf into Drops, that are fometimes clear and 
tran(parent, and other times opake, according as it k 
more or lefa mixed with the Metal. 
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Furthermore, if after having let the melted Iron cool 
upon the Coal, one expofes it again to the Focus of the 
Glafs upon- the Stone, it fparkies afrefn till it is all con fu¬ 
med $ which common iron will not do, that h is not 
been expofed to the heat of the Focus upon Charcoal* 
This Sparkling, probably proceeds from the fudden R.ari- 
fadion of the Oily paits ot the Coal, with which the 
Pores of the Iron are fo plentifully faturated 5 or per¬ 
haps it may be caufed by the Saks of the Iron ading on 
the Oil of the Coal. 

I expo fed to the Focus, upon a Stone-flate, Iron and 
Steel: they grew red hoc, and melted without crackling 
or caking off any Sparkes: they fmoak’d very coofide- 
rably, and the melted Metal turn’d by little and little like 
an Oil. After having withdrawn this melted Matter out 
of the Focus, it fix’d in a Regulus-like, friable Mafs, 
and appear’d fomecimes lightly ftriated, or fhot into 
fharp Points like Needles. Tho’ this matter does not ap¬ 
pear at all tranfparent, yet we may look on it as the 
beginning of Vitrification, or a middle ftate between 
Metal and Glafs 5 for it would vitrify in the end like 
other Metais, if one could hold it a fufficient time in 
the Focus without melting or mixing with what fuftains 
it: But continuing it long in the Focus, the extream Heat 
of the Sun, that, is necefiary to keep it in perfed fufion, 
melts like wife the Stone or Coppel that contains it, tha 
refult of which mixture is a brown or greyifh fort of En¬ 
amel- 

We may then take this Regulus Mafs to be a half vi¬ 
trified Iron, by reafon it is deprived of great part of its 
Sulphur. If one adds to this Mafs a Sulphur like that 
which was taken from it, from being friable it turns very 
hard and malleable, and the dulnefs it bad before, chan¬ 
ges to the brightnefs of a Metal. This is what I have 
experienc’d :m expofing again this Matter to the Focus up- 
m Charcoal: it melts, and fo continues a conquerable time 
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in Mon without fparkling, but at lafb it fparkles with 
the fame brisknefs as Iron itfelf 5 and when withdrawn 
from the Focus, appears nothing different from melted 
Iron. 

It appears from thefe Experiments, that Iron con¬ 
tains a lulphur or oily Subfiance, that renders it bright, 
malleable, and eafy to melt. 

That this Sulphur is raifed by the Fire of the Son, when 
the Metal is for forae time held in fufion in the Focus of 
the Glafs, 

That this fame Sulphnr may be raifed by the Flame of 
common Fire, which tho’ not flrong enough to melt the 
Iron, yet is able to reduce it to an Efchar or fort c>£ 
Ruft. 

That Iron deprived of this fdphurous part, melts into 
a Regulus, or brittle and. friable Mafs, in colour much 
like Antimony. 

That if one can hold a fufficient quantity of this Matter 
long enough in the Focus by itfelf, without melting or 
mixing with the Body that contains it, it perfectly vitri¬ 
fies. 

That this Glafs or metallick Regulus, with the help 
of a little Oil, returns to its former ftate of a Metal 

That it reailumes this metallick Form upon Charcoal, 
by drawing thence this oily Subftanee. 

That, in ftiort, this oily part contain’d in the Coal, is 
little different from the Sulphur of Iron. Neverthelefs 
we muft imagine it to differ in fiome particulars, in that 
melted Iron that has been faiurated with it, crackles and 
fparkles very much when melted again upon the Stone or 
CoppeL 

Iron being the only Metal in which I have obfervei 
this fparkling, I take it to be a Property peculiar only to 
Iron and not to any other Meta!. Perhaps we may attri¬ 
bute it 10 the vitriolick Salt that this Metal fo plentifully 
abounds with, which is very greedy of Sulphurs. 

L 11 2 To 
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To this fame greedinefs alfo, with which the vitriolick 
Salt oi Iron abforbs the oily part of the Coal, we may 
attribute the eafinefs with which Ironconfumes the Coal .; 
for there is no other Metal that fo foon wafts the Coal 
in the Focus of the Glafs, as Iron does. 

An other Obfervation upon Iron is, that it is the only, 
one of the four imperfect Metals, on which vitrified 
Drops arife while it is in fufion upon the Coal: The rea- 
lon oi which I have not yet been able to difeover. 

Of Cogper.. 

Copper expofed to the Focus of the Burning-glafs, at 
inix turns white on its furface, and afterwards grows 
black, and is covered with a kind of Skin, or black, fur¬ 
row'd, and uneven Scales, till at laft it quite melts. 

I have withdrawn this Metal out of the Focus as foon 
as this white colour has appear'd, and after it has been 
cold, found nothing extraordinary on its furface, which 
has again by little and little recover’d very near the fame 
Colour as it had before. 

I have not been able to difeover from whence this white 
Colour proceeds ; unlefs we may attribute it to fotne Vo¬ 
latile Arfenical Salt contain’d in the Copper, and driven 
by extreamiiy of Heat to the furface of the Metal; or whe¬ 
ther it purely proceeds from the alteration that is made in 
the groffer parts of the furface of the Metal when it be¬ 
gins to melt. The black colour that Copper afterwards 
takes, feems to be caufcd by the fulphurous Matter that 
melts firft in this Metal as well as Iron, and i 3 raifed to 
its furface by the extream Heat. 

I placed a piece of Copper in the Focus upon Char¬ 
coal ; It melted, and emitted a very thin Fume, and by 
little and little diminifhed till it was all evaporated. 
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I put a piece of red Copper on a Coppel info the 
Focus of the Glafs: it melted, and fent forth fome thin 
Fumes 3 and after it had been fome time in fuiion, it turn’d 
liquid like an Oil. I withdrew this melted matter, and 
as it grew cold, it fix’d into a Regulus of a reddifh 
brown colour, which was hard, brittle, and not du&ile 
under the Hammer. If one breaks it, it turns into a red 
Powder like Cinabar of Antimony 5 and when view’d 
with a Microfcope, appears fo many little, red, tranfpa- 
rent Grains like fmall Rubies; in fo much that one would 
readily take this Regulus to be a deep colour'd red 
Glafs. 

I endeavoured to make this vitrified Copper fpread 
abroad in melting, by mixing it with common white 
Glafs3 for which end I powder’d fome of this vitrifi¬ 
ed Copper and common Glafs, and mixing them melted 
them together 3 but the Mixture when in fufion took at 
firft a beautiful green Colour, and continuing it longer 
in the Focus, it turn’d blewifh. I believe we may attri¬ 
bute this change of Colour to the Alcali Salts of the 
Glafs a&ing on the Particles of Copper 3 for thofe Salts 
ufually draw a green or blewifh Tinduie from this Me* 
tal. 

To preferve therefore this red Colour of the vitrified 
Copper, when mix’d with common Glafs, f made ufe of 
this Expedient. I melted in the Focus upon a Coppel a- 
piece of Copper, and as foon as it began to vitrify I cad 
upon it fome common Glafs 3 as foon as the Glafs was* 
melted I took them together out of the Focus without 
confufing them 3 and as foon as they were cold, feparated 
the Regulus from the Glafs as well as poffible; and pick'd 
out of it fome pieces of the. Glafs, loaded with fome 
very fmall red tranfparent Particles of the Regulus, 
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This vitrified Copper is then nothing but Copper de¬ 
prived, by means of heat, of the fulphurous part, that 
gave it the form of a Metal. A proof that this metallick 
form proceeds from nothing elfe but this Sulphur, is, that 
if one expofes this vitrified Copper to the Focus upon 
Charcoal, it reaffumes in a little time the Colour and 
Confidence of melted Copper $ and as it grows cold, 
fixes into a good red malleable Copper, as fine and hard 
as it was before it was vitrified. 

It follows from thefe Experiments, that the Bafis of 
Copper is a red Earth fufceptibie of Vitrification- 

That this Earth receives its metallick Form from a ful¬ 
phurous fubdance, in appearance no ways different from 
die Oil of Vegetables or Animals. 

That one may deprive Copper of this Oil, by holding 
it long enough in the Focus, or by calcining it in the 
Flame of common Fire. 

That Charcoal redores again this oily Part to Copper, 
and at the fame time its metallick Form. 

It appears further, that the Oil of the C03! has not 
fo confiderable an effect upon Copper, as it has upon 

Iron. 

Copper expofed a long time to the Focus upon a Stone 
or Coppel, fumes very much, and diminifhes in weight 
very confiderably. 1 don’t think that this fume is on¬ 
ly the. fulphurous part of the Metal, the Evaporation of 
which mud be infenfiblej but I believe that with this Oil 
there is mixed a great deal of the earthy, verifiable part 
©f the Metal, which the heat of the Sun fublimes and 
raids in Flowers. 


Of Tin, 


Tin expofed upon Coal to the Focus of the Burning- 

giafs, nicks, and emits a grofs, white, thick Fume, until 

it is alt confumed in Vapours. 

* 


If 
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If one melts Tin upon a Coppei in the Focus of the' 
Glafs, it fumes very much, and its furface is cover’d with 
a white rarified Calx* on which by little and little arifes 
a tuft, or heap of fharp, needle-like, tran (parent, criftal* 
line Particles, confiding of an infinite number of final! 
Points. 

If one continues to hold this Mafs in the Focus upon 
the Stone, thefe Criftals at lenghth leave off fuming,, 
and remain fixt, while the Stone melts and vitrifies. 

I took Calx of Tin, which is Tin reduced to a grey 
Powder by means of Fire, that has taken away by Calci¬ 
nation great part of its oily Subfiance, and expofed it 
on a Coppei to the Focus, where it fumed again very- 
much, and was reduced into (harp chriftaliine Particles 
confiding of other final 1 Points, 

In re-expofing thefe chryftalline Par tides to the Focus 
upon Charcoal, they melted very eafily, and took again 
the Form of Tin $ the Coal having furnifhod them with 
the fulphurous part that the Fire had before taken away. 
Every body knows, that if one adds any Fat, or the like 
inflammable Matter, to the Calx of Tin when red-hot in 
the Crucible, it rcaffumes immediately the form of 
Tin. 

Thefe Experiments (how, that Tin contains a Sulphur 
that is very eafily feparated, fince common Fire can do it 
fo readily 5 and that this Metal calcined, or deprived of 
its Sulphur, is eafily faturated again with it from the oily 
part of any inflammable Matter whatfoever. 

It proves alfo, that the metal lick Earth which is the 
Bafis of Tin, is a Criftalline Earth, very difficult to be 
melted $ fince common Fire cannot vitrify this Metal by 
it felf, and that the heat of the Sun, in the Focus of 
this large Barning-Glafs of the Palace-Royal, cannot per¬ 
fectly melt the Calx into which this Metafis reduced. We 
may prefume that the Criftallifation, or reducing of this- 
IVlern.l into lharp-poin ted. Particles, proceeds from The-force 
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f he Sun’s breaking and melting together into a Sodder 
(if I may fo fpeakj fome of thefe fmall Criftals, by de¬ 
grees as the fulphurous part leaves them 5 it not being 
ftrong enough to melt them all down together in one 
intire Mafs. 


Of Lead. 

I took Lead, and held it in fufion upon Charcoal in the 
Focus of the Glafs: it all wafted away in abundance of 
Fumes. 

I expofed the like quantity of Lead upon a Stone to the 
Focus, where it caft forth great quantities of fumes, and 
by little and little changed into a fluid Liquor like Oil or 
melted Rolin. This Liquor, as it grew cold, fix’d into 
Glafs} which has this peculiar to it felf, that it is difpofed 
into Plates like Venetian Talk, and that it is flabby, foft 
to the touch, tranfparent, and in fome parts of a green- 
ifh or reddifh Yellow. 

In continuing this matter in the Focus, it fpread upon 
the Stone like Varnifh j and at laft penetrating it, help’d 
to melt it. 

1 placed this talky Earth in the Focus upon Charcoal .* 
It melted, and in a little time after reaffumed the form of 
melted Lead. I withdrew it from the Focus, and having 
let it cool, found it nothing different from Lead. 

Thefe Experiments fliow, that there if in Lead, as well 
as the other impeded Metals, a fulphurous part, that is 
eafily feparated by common Fire or the heat of the Sun 5 
and that this Metal has for its Bafis a foliated or talky 
Earth 
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Of Qtiickfilver. 

I fhall add here fame Experiments that I have mad,e 
upon Quickfilver ; tho’ I can’t yet draw any poficive 
Conclufions from them, not having profecured them fo 
far as is neceffary for that purpofe. 

I placed Quickfilver in the Focus of the Burning-glafs 
upon Charcoal, upon the Coppel, and upon the Stone ,* 
It all immediately difperfed, and exhaled in a very thick 
Fume. 

I expofed upon the Stone to the Focus fome Mercury 
precipitate per fe, in a degree of heat equal to that of dige- 
ftion: It feem’d to melt, but prefently difperfed inVapours: 
only there remained a final! quantity of a very ratified 
Duff, like a Froath or Scum; but continuing it in the 
Focus, it melted, and gathered into a yellowifh Glafs, 
in which one might diftinguiih fome Particles of Metal 
like Silver. 

I expofed fome Mercury Precipitate per fe upon Char¬ 
coal: It fumed very much; and as it melted one might 
fee little Globules of Mercury unite and form themfelves 
together upon the Coal, but they difperfed again pre- 
fentJy in Vapours. 

Thefe Experiments- feem to prove, that there is in 
Quickfilver a Sulphur that may be feperated by a very 
gentle heat, fuch as'that of Digeftion. 

That as foon as this Sulphur is taken away, it lofes its 
Fluidity and Brightnefs. 

That the Balls of Mercury is a Calx, or red Earth. 

That this Calx does not melt into Glafs as the Calx of 
other Metals, becaufe it is too Volatile, and as foon as 
it melts is evaporated by the heat. 
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That if one reftores to this Calx a Sulphur, by expo¬ 
sing it again to the Focus upon Charcoal, it reaffumes 
immediately its metaliick Brightnefs and Fluidity, and 
becomes Quickfilver. 

I cannot tell whether this light Earth, that remains 
upon the Stone after the evaporation of the Calx of the 
Mercury, be a part of the Earth of the Mercury more 
exa&ly deprived of its Oil, and confequentiy more fixt 
and proper for Vitrification 5 or whether it may not 
be fome Matter foreign to the Mercury, that fixes 
it felf, and remains behind at its Evaporation. But 
this I (hall examine more particularly hereafter. 

The Fvefult of all thefe Experiments is, that thefe 
four Metals which we call imperfed, viz,, lion, Cop¬ 
per, Tin, and Lead, are compofed of a fulphur or oily 
Subftance, and of a metaliick Earth capable of Vitrifica- 
cation. 

That from this Sulphur proceeds the Opacity, Bright¬ 
nefs, and Malleability of a Metal. 

That this metaliick Sulphur does not appear at all 
different from the Oil of Vegetables or Animals. 

That it is the fame in Mercury as in the four itn- 
perfed Metals. 

That thefe four Metals have for their Bafis an 
Earth fufceptible of Vitrification. 

That this Earth is different in every one of thefe 
four Metals 5 in that it vitrifies differently in each of 
them. 

And that on this difference in Vitrifying depends the 
difference of Metals. 


It remains r 
the Nature of 
to know if a? 
lepers ted from 


hat I fhonld examine more particularly 
thefe Earths or metaliick Vitrifications $ 
iv other Principles or Subftances may be 
them: But this I (hall endeavour to do 


hereafter, in profecutiog the Anal.yfis oi 
tar as poUioie. 
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